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1.  ABSTRACT  

OBJECTIVES 

The broad objective of this project is to develop a novel, advanced Low Temperature Selective Catalytic 
and Adsorptive Reactor (LTSCAR) for the simultaneous removal of NOx and mercury (elemental and 
oxidized) from coal-fired flue gases in a single unit. It is anticipated that the proposed system will lower 
removal costs for the targeted pollutants by an order of magnitude relative to current technologies. 
Specific project tasks include development of a sulfur-tolerant supported metal oxide catalyst for low 
temperature SCR (LTSCR) using CO as a reductant; evaluation of LTSCR catalysts as mercury 
adsorbents; evaluation of the performance of nanostructured chelating adsorbents for mercury capture at 
LTSCR conditions; and evaluation of the performance of prototype LTSCAR systems. 

 
ACCOMPLISHMENTS TO DATE 

Catalyst Development.  It was previously reported that 10 wt % MnOx supported on titania is effective for 
LTSCR at industrially relevant conditions (50,000 hr-1 space velocity, 2 vol % O2).  Unfortunately, this 
catalyst was not sulfur tolerant.  In the current project year, a reaction mechanism has been developed for 
this catalyst, and key steps of the mechanism have been validated using FTIR.  Sulfur tolerance has been 
addressed through development of catalysts consisting of MnOx supported on mixed metal oxides 
(ceria+titania). 



 

 
Supported Metal Oxide Adsorbents.  It was previously reported that MnOx supported on titania captures 
elemental mercury at LTSCR temperatures, and preliminary work was completed on developing a 
mechanism describing Hg capture. MnOx/TiO2 catalysts were not sulfur tolerant.  In the current project 
year, additional mechanism development has been completed that suggests that the Hg adsorption rate is 
mass transfer limited.  Preliminary tests using MnOx supported on CeO2+TiO2 indicate that these 
catalysts also capture Hg0, and are less susceptible to SO2 inhibition.  
 
Nanostructured Chelating Adsorbents.  It was previously reported that nanostructured chelating 
adsorbents can capture Hg0 at LTSCR temperatures; the effectiveness of a number of ionic liquids using 
the bis(trifluoromethane sulfonyl) imide anion were reported.  This work has been extended to the 
corresponding ionic liquids using chloride anions, and it was found that [bmim]Cl coated on MPTS-
functionalized silica is effective for capture of both elemental and oxidized mercury at flue gas 
conditions.  The development of an adsorbent with high capacity for both Hg(II) and Hg0 is a significant 
development milestone in control of mercury in flue gas. 
 
FUTURE WORK 
Future project efforts will be focused as follows: 
• Catalyst Development.  Engineer sulfur tolerance into the LTSCR catalyst; testing catalysts using 

simulated flue gas using CO as the reductant. 
• Supported Metal Oxide Adsorbents for Hg Capture. Develop a mechanistic explanation of the support 

effect on sulfur tolerance; evaluate Hg capture using full simulated LTSCR gas compositions. 
• Nanostructured Chelating Adsorbents for Hg Capture. Establishing the practical operating 

temperature range of the adsorbents; test combined Hg(II)+Hg0 capture with full simulated LTSCR 
gas compositions (pre- and post-LTSCR). 

• Combined Capture.  To date, the LTSCAR experiments have not been completed.  During the next 
project year, a prototype LTSCAR system will be constructed and tested using industrially realistic 
conditions (composition, temperature, and space velocity). 
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